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Abstract 
Crystal growth process of YBa2Cu3O7-X (YBCO) films with BaZrO3 (BZO) pinning centers were investigated to 
enhance JC property by controlling microstructure of the films. The YBCO films were fabricated by a metal organic 
deposition (MOD) method using solutions with trifluoroacetates (TFA) and Zr-salts. Quenched films were prepared by 
cooling them rapidly during crystallization process and crystallized phases were identified by an X-ray diffraction 
(XRD) measurement. It is indicating that BZO forms at lower temperature than that of YBCO formation and that BZO 
and BaF2 are crystallized at the similar temperature range around 700͠. Then, we kept the heating temperature which 
is under 600͠ before crystallization temperature of YBCO and investigated the effect of temperature keeping on film 
growth. In the film kept for more than 3 hours, BZO peak was detected by XRD measurement. However, BZO 
particles were not observed in the film even kept for 9 hours by transmission electron microscopy (TEM) and energy 
dispersive X-ray (EDS) analyses. It is indicated that growth rate of BZO is slow at 600͠. On the other hand, smaller 
YBCO particles and decreasing of surface roughness (Ra) were observed for the film which were kept at 600͠ for 3 
hours and then crystallized. This result suggests the density of YBCO film is higher than that for YBCO without that 
process. In summary, it can be considered that YBCO film density become high by temperature keeping process 
below 600͠ before YBCO crystallization and that size of BZO particles are determined by heat treatment at the 
temperature of above 600͠. 
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1. Introduction 
The discovery of High Temperature Superconductor (HTS) can be widely applied in the energy transport field.  
YBCO is one of the most promising HTS’s and coated conductors using YBCO films are developing [1]. For 
fabrication of YBCO films, MOD process is considered to be a strong candidate as a low cost process [2]. The MOD 
process using a starting solution containing TFA salts could easily afford YBCO films with high critical current 
density (JC) [1,3]. For electric power application, however, in-field JC performance is needed to be high further. 
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Recently, in order to improve JC in-fields, various methods have been studied for the introduction of effective artificial 
pinning centers in films. BZO nano-particles in YBCO films fabricated by MOD process are about 20nm in diameter 
and 20-100nm in spacing between particles and play as effective pinning centers for all direction of the magnetic field 
at 77K [4-6]. However, the coherence length of YBCO is known as about 10nm at 77K, therefore, it is considered that 
BZO particles which have smaller size and higher number density plays further effective pinning centers in MOD 
method. The crystal growth process of Zr-doped YBCO films is important for controlling grain growth of BZO 
particles. In this paper, we investigated growth process of Zr-doped YBCO films by TFA-MOD method to control 
microstructure of the films. 
2. Experimental 
The TFA precursor solution was prepared by using Y,Ba-TFA salts and Cu-2-etylhexanoate salts, and their cation 
ratio was adjusted to be Y: Ba: Cu: =1: 1.5: 3. A Zr-bis(2-ethylhexanoate)oxide, mineral spirit solution was added to  
the TFA precursor solution with 5mol.%. The solution was coated on CeO2/Gd2Zr2O7/Hastelloy substrates by spin 
coating at a speed of 3000rpm for 2minutes at room temperature. The coated films were decomposed to be amorphous 
precursor films by heating them up to 430͠ in a humid oxygen atmosphere. Then, the amorphous precursor films 
were heated up to 780͠ in humid Ar/O2 (1000ppm O2) atmosphere and held for 50min. XRD were carried out to 
identify the phase of the YBCO films. Microstructures of YBCO films were observed by TEM-EDS. In this study, for 
investigating crystallization process of Zr-doped YBCO films, quenched films were prepared by cooling them rapidly 
during crystallization process. 
3. Results and Discussion 
&U\VWDOOL]HGSKDVHVLQTXHQFKHGILOPV
Fig.1 shows the results of XRD ș/2ș scan for the quenched films at various temperatures and crystallized film. The 
vertical axis of the fig.1 means intensity normalization by the intensity of CeO2 (200) peak in each film. BZO (110) 
peak was observed in the films quenched at more than 700͠ and in the crystallized YBCO film, it is indicating that 
BZO forms at lower temperature than that of YBCO formation. BaF2 peaks were also observed in the films at the 
similar temperature range. It is considered that BaF2 and BZO coexist within the films before YBCO crystallization. In 
order to discuss grain growth of BZO particles, it is important to investigate the process under crystallization 
temperature of YBCO. 
(IIHFWRIWHPSHUDWXUHNHHSLQJIRU%=2SDUWLFOHV
In order to investigate nucleation and grain growth of BZO particles under crystallization temperature of YBCO, we 
have prepared films kept at heating temperature of between 500~700͠, and then the films were cooled in furnace. 
BZO peaks were not observed in the films kept at 500͠ even for 9 hours. YBCO peaks were observed in the films 
kept at 700͠ for only 1 hour. Consequently, we chose the temperature of 600͠ for investigating BZO particles 
nucleation and grain growth. Fig.2(a) shows the results of XRD ș/2ș scan for the films kept at 600͠. The vertical axis 
of the fig.2(a) was normalized by the intensity of CeO2 (200) peak in each film. BZO (110) peak was observed in all 
the films kept for more than 1 hour, indicating that BZO growth was occurred at about 600͠. From the full-width at 
half-maximum (FWHM) of the BZO (110) peak and the Scherrer formula, [7] (Dc=0.89ǳ/(Bcosǰ); Dc is the size of 
the BZO particles; ǳ is 0.15406nm, which is the wavelength of the characteristic X-ray from a Cu target; B and ǰ 
are FWHM and the diffraction angle of the BZO (110) peak, respectively.), the growth rate of BZO particles was 
estimated about 1nm/h at 600͠. Fig.2(b) shows the relationship between intensity of BaF2 (111) peak  normalization 
by intensity of CeO2 (200) peak in the films kept at 600͠. Intensity of BaF2 (111) peak depended on temperature 
keeping time and once increased for the time up to 1 hour and then  decreased with longer time more than 1 hour. Next, 
in order to investigate the effect on the microstructure by temperature keeping, we observed the films and identified 
growth phases by TEM-EDS. Fig.3 shows TEM-EDS images of the film kept at 600͠ for 3 hours. Dispersions of Cu 
and Ba, F, etc. were observed in the film, however, dispersion of Zr was not observed apparently. It is suggested that 
BZO particles are very small size in the film at 600͠.  
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These results suppose grain growth of BZO particles was occurred between the temperature of above 600͠, in other 
words, heat treatment at the temperature of above 600͠ is important to control BZO particle size.  
(IIHFWRIWHPSHUDWXUHNHHSLQJIRU<%&2ILOPV
We also investigated the effect of temperature keeping on YBCO crystallization. Fig.4 shows images by Atomic 
Force Microscope (AFM) analysis for the crystallized YBCO films with temperature keeping at 600͠. YBCO 
particles in the film kept for 3 hours (c) seemed to be smaller compared with the film without temperature keeping (a).   
Surface roughness (Ra) of the films calculated by the AFM observation was shown in table.1. Smaller YBCO particles 
and decreasing surface roughness were observed for the film kept at 600ć for 3 hours. This result suggests the 
fabrication of higher density YBCO film by temperature keeping. On the other hand, during temperature keeping at 
600͠, decreasing of BaF2 peak was observed as seen in Fig.2(b). M.Yoshizumi et al. have reported the possibility that 
the Ba-O-F liquid phase exists in the range of temperatures above 550͠ and composition below F/Ba =2 [8].It is also 
reported that the density of Ba-O-F and BaF2 are 7.42g/cm3 and 4.89g/cm3, respectively, the density of Ba-O-F is 
higher than that of BaF2 [9]. In consideration of these report, it can be suggested that BaF2 changes in Ba-O-F which 
by temperature keeping at 600͠ and precursor film is contracted. It can be assumed that high dense YBCO film was 
obtained due to the lower volume reduction by phase transition from dense precursors to YBCO. 
Fig.3.TEM-EDS images of films kept at heating temperature of 600ćfor 3 hours 
Fig.1.XRD-ǰ/2ǰscan results of BZO 
doped YBCO films quenched at each 
temperature. 
Fig.2(a).XRD-ǰ /2ǰ scan results of the films which kept heating 
temperature at 600͠ and (b)BaF2 peak (111) intensity normalized by the 
CeO2 (200) in the films dependence on keeping time. 
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Fig.4.AFM images (a)YBCO films without hold time, (b)YBCO film with temperature keeping at 600͠ for 1 hour,(c)YBCO film 
with temperature keeping at 600͠ for 3 hours. 
Table1. Surface roughness of YBCO films with temperature keeping at 600͠. 
 
4. Conclusion 
We have investigated growth process of BZO doped YBCO films by a TFA-MOD method around BZO formation 
temperature range, the following considerations were obtained. 
1. BZO formation temperature is lower than that of YBCO formation. 
2. Surface roughness of YBCO film become low and YBCO particles become small through the temperature 
keeping process before YBCO crystallization, which suggests the higher density of YBCO film. 
3. Heat treatment at the temperature of above 600͠ is important to control BZO particle size. 
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